A decomposition analysis of energy related CO2 emissions is carried out for 33 world countries. The data pertain to the period [1995][1996][1997][1998][1999][2000][2001][2002][2003][2004][2005][2006][2007]. The methodology used is the Index Decomposition Analysis that allows to investigate the contribution of the following factors:
Introduction
CO2 emissions has risen by more than 30 ppm in the last seventeen years and the carbon dioxide concentration, now standing at around 400 ppm, is expected to reach 450 ppm by 2030 [1, 2] . The Intergovernmental Panel on Climate Change (IPCC) estimates a concentration between 540 ppm and 970 ppm over the next century, should the emission remain at business-as-usual levels [3, 4] . Since the Kyoto agreement in 1997, international measures and policies have been implemented to reduce the human effects on climate change and decouple economic growth from emission levels. Based on the idea of obtaining an economic growth that does not imply necessarily an increase in emissions, decoupling is an ambitious objective both at national and international level [5] .
The emissions of CO2 of anthropogenic origin depend by a large portion on energy production and use. The ever increasing demands of energy by developed and developing economies can be contained by shifting towards renewables or by adopting technological improvements in the energy production cycles that would reduce the CO2 emission per unit of energy produced. The improvements in energy use and production can already account for a large reduction of CO2 emissions (31 % according to [6] ). Trends appear in energy intensity reduction at both country level and sectorial level, with different nuances from sector to sector [7, 8] .
There are ways to investigate how efficient the economic growth process has been CO2-wise and how much the technological improvements have contributed to reduce the energy requirements and the emission generation. The Organization for the Economic Co-operation and Development (OECD), European Commission, United Nations and other organizations have collected data than can be used to perform a decomposition analysis with the scope to investigate the contribution of different socio-economic and technological factors.
In this paper, a decomposition analysis is performed to investigate the main elements that generated CO2 emissions variations in 33 world countries. The group of countries includes developed economies and developing ones so that different possible ranges of economydependent CO2-emissions are considered. The period of the analysis is particularly interesting as it starts in 1995, slightly before the signature of the Kyoto protocol (1997), and ends in 2007, two years from its implementation and right before of the global economic crises.
The main factors responsible for changes in the energy-related CO2 emission considered here are: (i) changes in abatement technologies, fuel quality and fuel switching; (ii) changes in the structure and efficiency of the energy systems; (iii) the relative position of a country in the global Gross Domestic Product (GDP) generation and (iv) changes of the total economic activity. The decomposition among these parameters allows us to estimate how much CO2 variation can be attributed to technologies improvements, to a more efficient use of energy, and how those two relate to the relative improvement, stagnation or reduction of the individual country economic situation. The focus of this paper is a comparative analysis of the decomposed factors across different world areas in an attempt to assess the status of the actions taken by world countries toward a reduction of CO2 emissions.
A similar analysis has been recently presented by [7] that used the same database [9] used in the present paper. The decomposition approach and the factor included in this paper are however different from [7] . Other works that used decomposition analysis to investigate CO2 emission variations. Among others [10] [11] [12] [13] [14] [15] [16] ,with a particular focus on USA, China and India.
The present work falls into the category of the multiple country analysis and, differently from other works [17] [18] [19] , it includes both OECD and non-OECD areas.
The paper is structured as follow: in section 2 the data are presented and analysed. Section 3 introduces the decomposition technique adopted in this study. The results of the analysis are represented in Section 4 while limitations of this work and the conclusions are presented in section 5 and 6 respectively.
Data and data analysis:
The decomposition analysis performed in this paper aims at investigating the main factors responsible for the changes in the energy-related CO2 emission of 33 countries around the world. The study refers to the period 1995-2007 and considers both developed and developing countries. The data used have been taken from OECD and from the World InputOutput Database (WIOD). In particular, the data on emission-relevant energy use and the quantity of energy-related carbon dioxide emissions have been collected from the World Input-Output Database that includes a set of socio-economic and environmental information for 40 world countries plus the Rest of the World for the time period 1995-2009 (for a description of the database see [20] ). Gross Domestic Product (GDP) data were taken from [21] that provides data at constant prices for 31 of the 33 countries considered in this paper emissions will be decomposed in the factors presented in Section 3. 
Overview of the data used

Figure 3. % variations on energy consumption
Source: [9, 21] In general terms, a decreasing trend in the energy and in the carbon dioxide emission intensity took place across the period. According to data reported in Tables 1 and 2 all the areas considered in this paper reduced the quantity of energy used and the quantity of CO2 emissions generated per unit of GDP. The largest percentage variations took place in the Eastern European countries that after joining the EU benefitted from energy reforms, renewable energy projects and transfer of energy and carbon efficient technologies from western European areas [23] [24] [25] . In spite of these improvements, however their carbon and the energy efficiency still remain largely lower than in the Western European countries where since the 1990s a large set of energy and carbon policies have been implemented in response to climate change concerns [26] . In terms of Developed non-European areas and Developing countries both areas performed energy and emissions intensity improvements between 1995 and 2007. Source: [9, 21] In the following section the data reported above are disaggregated and analysed for the 31 world countries considered in the paper.
GDP and CO2 variations:
According to data reported in Figures in just the 4 years available for this study). Poland and Slovak Republic largely benefited from joining the EU with an income variation of more than 71.9% and 79.8% respectively [22] . Luxembourg, South Korea, Russia and Turkey also performed a GDP increase higher than 70%. All the others economies, and in particular the most developed ones like United
States, Canada, Belgium and France, had an income variation lower than 50%. The bottom figures are related to Germany, Denmark, Italy and Japan (+20.9%, +28.7%, + 19.9%, +14.9%, respectively). According to data reported by [27] the Italian, German and Denmark GDP have been falling since the 1990s. Between 2000 and 2012 Italy has been among the 10 world countries performing worst in terms GDP generation and Germany largely suffered for the costs of unification [28] . A vast shadow economy, limited competition and high marginal taxation rate are considered as the main factors responsible for the poor Italian performance [29, 30] . Expensive social security system and increasing level of public debt have been some of the main elements reducing GPD growth rate in the German case [31] . Deflation, reduction in capital accumulation and low level of total factor productivity growth seems to be the main elements of Japan's stagnation [32] [33] [34] . 2 The time period for Brazil is 2000-2008 and for India is [2004] [2005] [2006] [2007] [2008] In terms of carbon dioxide almost all the countries considered in this paper increased the emissions between 1995 and 2007. China had the largest variation (+93.9%), even if the percentage increase has been lower than half of the percentage increase in GDP. According to data reported by [35] improvements in technologies, reduction in coal consumption and increased energy efficiency both in the industrial and in the household sectors have been the most important factors in reducing the quantity of emissions generated per unit of GDP in China. Denmark (28.7% GDP and 43.4% CO2 emissions) and Indonesia (46.6% GDP and 80.3% CO2 emissions) are the only countries to show an increase in energy related carbon dioxide emission higher than GDP. In the case of Indonesia a possible explanation can be related to the rapid development of manufacturing activities [36] . According to data provided by [37] the contribution of the industrial sector to the overall GDP production increased by around 5% and the consumption of coal nearly tripled during the last decade. For Denmark the main reason can be linked to the fact that the sectors that expanded the most are "water transports" and "coke, refined petroleum and nuclear fuel" characterized by a high carbon intensity rate [38] . Belgium (-5.8%), France (-1.2%), Germany (-7.1%), Hungary (-2.7%), Luxembourg (-36.4%), Poland (-9.1%), Slovak Republic (-13.1%) and Sweden (-2%) are the only countries that reduced the quantity of CO2 between 1995 and 2007. Changes in fuels, efficiency improvements and changes in economic activities can be the main factors responsible for this trend [39, 24, 25, 40] .
Figure 4a. GDP and CO2 emissions -Percentage variation (1995-2007)
Source: [ 
Energy and CO2 emission intensities:
A positive aspect that contrasts with the figures of CO2 emissions increase reported by the majority of the countries presented in Figure 1 is that in terms of energy and CO2 emission intensities, almost all the countries considered in this paper reduced both the quantity of energy used per unit of GDP and the quantity of emissions generated per unit of energy used.
According to the data reported in Figures 5a and 5b is the only country that improved the emission intensity by more than 50% (-62.4%). The increasing importance of low carbon intensity activities as the service and the financial sectors together with improvements on carbon efficiency and substitution between coal and natural gas, have been the main factors contributing to the emission intensity drop [42] .
Figure 5a. CO2 emissions intensity and energy intensity-Percentage variation (1995-2007)
Source: [9, 21] To better investigate these evidences, a decomposition analysis is performed in the following section. The main objective is to identify the driving forces that contributed to the variation in the energy-related carbon dioxide emission in the 33 countries considered in this paper.
Decomposition analysis: methodology to identify the role of factors in the energy related CO2 emissions changes
Different decomposition techniques can be used to investigate the relationships between driving forces and impacts. The Index Decomposition Analysis (IDA) and the Structural Decomposition Analysis (SDA), together with their related extensions, have been the most widely used [43] . The first one (IDA), that define a variable based on the interactions of different components thought the multiplication of factors, is generally applied to perform cross-country comparisons [44, 45] . The second one (SDA), that uses an input-output approach to decompose the change of a variable into the changes of its driving forces, is suitable to offer a wide sectoral perspective [46, 47] . Both techniques, have been applied to investigate energy-related emission in different countries and sectors as industrial activities, transports or final consumption [48] [49] [50] [51] [52] [53] [54] . In this paper the Index Decomposition Technique proposed by [55] and revised by [56] is used to analyse the main factors that contributed to CO2 emission intensity % variation
Energy intensity % variation change the energy-related CO2 emissions in different world countries. In particular, equation [1] is used to describe CO2 emissions as a consequence of variations in energy intensity, emission intensity and economic activity. Based on the idea that carbon dioxide emission (CE) generated by all the countries considered in this paper at time (t) can be evaluated as the product of emission intensity (CI), energy intensity (EI), economic share of a specific country (ES) and economic activity (G) [55] express CO2 emissions as an extended Kaya identity:
where for a specific year, Ei t refers to the total energy consumption of the ith country (TJ), GDPi t refers to the value added of the ith country, GDP t refers to the aggregated value added of all the considered countries and Ei t refers to total emissions (in tons) of the country i. Since expression [1] runs from a base year 0 to a target year t, we can calculate the variation in carbon dioxide emissions (∆CE) over the period of time ∆t as [2] :
where the four explanatory factors are defined as:
(i) CIeffect = CO2 intensity effect (or pollution coefficient effect). It is defined by the ratio of CO2 emission and energy use. It reflects changes in abatement technology and fuels quality and fuel switching. It is also named carbonisation index
(ii) EIeffect = Energy intensity effect. It refers to energy consumption per unit of output and is defined by the ratio between energy consumption and Gross Domestic Product (GDP). It reflects changes in the structure and in the efficiency of the energy systems.
(iii) ESeffect = Structural changes effect. It is calculated as the ratio between the Gross Domestic Product of a specific country (GDPi) and the total GDP generated by the countries considered in the decomposition exercise. The ES effect has been previously used [51, 56] to quantify the change in relative shares of different economic sectors. Since in this paper we are considering the economic activity of every country as a single aggregate, we modified the traditional formulation of the ESeffect to account for the role that a specific country plays in the overall economic panorama. The aim is to identify the contribution provided by every country to the global GDP generation. Based on this equation, the ESeffect provides useful information to identify if the underlying structure of the global economic system is changing and which countries are mainly responsible for it.
(iv) Geffect = Economic activity growth effect. It reflects changes of the total economic activity and it is used to quantify the carbon dioxide emissions generated by economic growth.
To perform the decomposition analyses the following input data are required:
Total CO2 emission in year t (in tons, t);
Total CO2 emission in year t in the country i;
Total energy consumption in year t in the country i;
The value added in the year t;
The value added in the year t in the country i;
The calculation of each component reported in equation [2] , and used for decomposing the change in CO2 emissions (∆CE) are expressed by the following equations where the sum are intended over the individual country values and where the fractional multipliers are used according to [56] to equally distribute the residual among the decomposition factors.
Equation [3] calculates the emissions intensity effect: [4] calculates the energy intensity effect: [5] calculates the structural change effect: 
Equation [6] calculates the economic activity growth effect: 
Results of the decomposition analysis
The decomposition results reported below, together with the data included in Tables 1 and 2 of the Appendix, are useful to identify the main reasons for carbon dioxide emission variation that took place in the 33 world countries included in the analysis. Since GDP data at constant price are not available for India and Brazil for the entire time period considered in this paper, the results reported below includes i) a decomposition analysis for China, European Union, According to the results reported in Figure 6 (a, b, c and d) for all the countries considered in this paper economic growth (G effect) has been the most important driver of energy-related CO2 emission increase However, the analysis provides other interesting results. In particular, the ES effect described as the relative position of a country in the total income generation, results to be an important driver for carbon dioxide emission increase particularly for China and India. The increasing role of these two fast developing economies in the international production system is responsible for almost half of their total CO2 emission increase. In a similar way, the increasing role on international economy played by South Korea, Russia, Turkey, Ireland and the recently eastern Europe EU Member States, like Estonia, Slovak Republic, Slovenia and Poland also contributed to increase the quantity of carbon dioxide emissions related to the relative position of these countries in the global income generation (ES effect). On the contrary, the decreasing role played in international GDP generation (ES effect) by Japan, Unites States and some of the most developed European Countries, contributed to reduce their overall CO2 emission increase. In terms of carbon dioxide emission intensity (CI effect) all the countries considered in this paper, exception made for Canada, China, Japan, Netherlands, Denmark, Russia, Slovenia and Indonesia, reduced the quantity of CO2 generated per unit of energy use. The reduction in the use of natural gas and the increasing demand for electricity, together with the increasing economic importance of sectors characterized by high carbon intensity rate, such as coke, refined petroleum, nuclear fuel activities and water transports are probably the most important factors responsible for this trend [38, 7, 57] . The reduction in the carbon dioxide intensity has been mainly generated by a set of policies oriented to reduce the carbon contents of economy. Within European Union different Directives have been devote to that. The EU Emission Trading System, the Energy Efficiency Directive, the Strategic Energy Technology Plan or the Renewable Energy Directive are just some examples. In a similar way, the Clean Air Act of United States proposed a set of policies to improve the carbon pollution standards and to promote the adoption of the best available technologies [58] . In Brazil, the large investments in hydroelectric power and the increasing use of biofuel contributed to improve the carbon intensity [59] .
Denmark and Indonesia, together with Greece, Turkey and Brazil, are also the only countries for which the energy intensity (EI effect) of the overall economic system increased during the considered period. This means that for every units of GDP production a larger quantity of energy was needed in 2007 compared to quantity used in 1995. A possible explanation can be related to the increased economic importance of high energy intensity sectors like coke, refined petroleum, nuclear fuel activities or water transports. During the last four years (2003) (2004) (2005) (2006) (2007) of the time period considered in this paper, however, all these countries, exception made for Denmark, improved the energy efficiency of national economy.
According to data provided by [59] , the decreasing energy efficiency of Brazilian economy can be mainly explained by the fact that during the last decade economic growth has been lower than the overall energy consumption. The increasing energy demand driven by rising living standard and by the rapid growth in car ownership of the Brazilian middle class has more than double the total energy consumption. However, the low energy intensity score of Brazilian economy has large margins for improvement. The old and strained electricity network and the consequent waste in electricity transmission is one of the main factors influencing the low performance in the energy intensity reduction. The recent regulations introduced by Brazilian government in terms of standard of minimum energy performance and the large investments in the energy infrastructures are expected to improve the energy efficiency over the next decade [60, 61] .
According to different studies technological changes and variation of the energy mix, particularly within the industrial sector, have been the main responsible factors for the energy intensity improvements in developing countries that usually experience a convergence trend based on their initial efficiency level [17, 62] . Transition from the industrial to the lessenergy intensive sectors based on service and the rising importance of the information technologies as drivers of economic growth are considered as some of the most important factor for the developed areas [63] [64] [65] 17] . policies are likely to produce the most effective results. Other interesting aspects of development could be related to the analysis of consumer related emissions, which considers rather than the energy used for production, the energy related to individual consumption. In this case, other decomposing factors, like income or preferences could be used to investigate the role that consumer responsibility can play in the generation of carbon dioxide emissions.
In this respect the trade links between countries and the allocation of CO2 based on consumer activity would be relevant in identifying the non-local effects that consumer choices can generate in the production of CO2 emissions in other world areas [49] . Additional analysis can also be related to the application of different CO2 emissions evaluation approaches, as for example Index or Structural Decomposition analysis and related extensions. In particular, it would be interesting to investigate how different decomposition techniques could generate different results and how the use of different data based on different CO2 estimations approaches can influence the overall conclusion of the analysis.
Conclusion
Although there exists well-known limitations in decomposition analysis [67, 68]  For all the countries considered economic growth (G effects) contributed to increase the quantity of energy-related CO2 emissions.
 The increasing contribution to the global economic production provided by India China, Russia, South Korea, Turkey, Ireland and the recently EU added eastern Europe Member States, resulted to be the second most important factor of carbon dioxide emission increase for those countries. For this group of countries, the role played by the structural change effect (ES effect) is almost comparable to the contribution that the GDP generation provided to the overall CO2 emission increase.
On the contrary, for developed economies as Japan, United States and some of the most developed European countries, the decline in the global economic production reduced the overall CO2 emissions increase.
 With the exceptions of Luxembourg, Finland and Ireland, the other countries that show a positive ES factor are the rapidly growing countries. The contribution to the global economy raises the questions on whether CO2 production should be effectively allocated to the production country or to the countries from which the demand is generated. This question should be addressed by considering a different decomposition approach oriented to include consumption and income into the decomposition factors [69] .
 In terms of carbon dioxide emission intensity (CI effect) all the countries considered in this paper, exception made for Canada, China, Japan, Netherlands, Denmark, Russia, Slovenia and Indonesia reduced the quantity of CO2 generated per unit of energy use. The instability of energy markets and the increasing number of conflicts in areas traditionally devoted to export energy sources could influence, in the near future, the decision on the energy investments and, as a consequence, the reduction of the CI effect. The Renewable Energy Directive of European Union, the development of hydroelectric power in Brazil or the large investments in renewable energy taking place in United States and China are example of that [70] .
 Denmark and Indonesia, together with Greece, Turkey and Brazil are also the only countries for which the energy intensity (EI effect) of the overall economic system increased during the considered period. This means that for every unit of GDP production a larger quantity of energy was needed in 2007 compared to quantity used in 1995. Policies for energy efficiency, adoption of best available technologies and consumers responsibilities have been some of the main factors contributing to reduce the energy intensity of developed and developing countries [71] .
In our view the current study sets a good benchmarking case for the assessment of energy related CO2 emissions. It will be interesting to contrast these results to the post Kyoto period
2005-2020 and especially to the effects of the crises not only on the emission but also on how an externally driven G factor can modify the emission trend and whether technological improvements have taken place in such a low economy regime.
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